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February 14, 1884. 

THE PRESIDENT in the Chair. 

The Presents received were laid on the table and thanks ordered for 
them. 

The following Papers were read : — 

I. " On a New Reflecting Galvanometer of Great Sensibility, 
and on New Forms of Astatic Galvanometers." By 
Thomas Gray, B.Sc, F.R.S.E., and Andrew Gray, M.A., 
F.R.S.E. Communicated by Prof. Sir William Thomson, 
F.R.S. Received February 5, 1884. 

The object of this paper is, first, to describe a galvanometer in 
which a principle which is, we believe, novel in its application to this 
particular purpose, has been employed to give an instrument of very 
great sensibility ; and, second, to describe some forms of astatic gal- 
vanometers which are, we think, improvements on astatic combina- 
tions as ordinarily made and arranged for use. 

Fig, 1 shows in elevation and horizontal section the coils and 
arrangement of needles adopted in an instrument of very great sensi- 
bility which we designed in the summer of 1882, and which with 
assistance from the Government Research Fund, we have had .con- 
structed for use in our experiments on the Electric Resistance of 
Glass and Allied Substances. It consists of two pairs of coils, c c c c 9 
with hollow cores, arranged so that the axes of each pair are parallel 
<and in a vertical plane. Each pair is carried by a vertical brass 
plate, and the two plates are inclined to one another at an angle of 
.about 106° ; and thus the vertical planes containing the axes of the 
coils are inclined to one another at an angle of about 74°. Two 
liorseshoe magnets, m, m, made of steel wire of about 1 millim. in 
diameter, are connected together by a very light frame of aluminium, 
and are at such a distance apart as to hang, when the needle system 
is in equilibrium, with no current in the coils, freely within and 
nearly along the axes of the cores of the coils. The horseshoes are 
mot plane, but are bent round so that they form approximately 
portions of one vertical cylinder of which the suspension-thread is the 
axis, and to which the axes of the coils form horizontal tangents near 
their middle points at the approximate positions of the poles of the 
needles. This form was given to the needles to lessen the chance of 
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their extremities coming into contact with the sides of the cores, 
in the case of large deflections ; and it was intended to curve the 
axes of the coils similarly, to allow of the use of, as short as 
possible, a connecting-bar of aluminium. Straight cores are more 
easily made ; but the diagram shows clearly that in this case, since it 
is advantageous to have the cores of the coils as small as possible, 
it is necessary to curve the needle. The needles are at present 
arranged with their unlike poles turned in similar directions, and are 
hung by a single fibre of unspun silk from the square screw-pin, jp. 
A nut, n, working between two fixed projecting pieces raises or lowers 
.p, and therefore the needles, without giving any twist to the thread. 

The four coils are at present arranged in series, and have a com- 
bined resistance of 30,220 ohms made up of 5,392 yards of copper- 
wire of ISFo. 50 B.W.G., laid on in 62,939 turns in all, approximately 
equally divided among the four coils. The distributing plate, 
described below, admits of ready joining of the coils in such a way as 
to diminish the sensibility or resistance of the instrument. When a 
current is sent through the instrument, the poles of one horseshoe are 
pulled farther into the corresponding coils, and the poles of the other 
horseshoe are pushed out of the coils. A couple tending to turn the 
system as nearly as may be round the axis of suspension is thus 
applied ; and a mirror attached to the upright piece of aluminium, a, 
reflects a beam of light to a scale in the usual manner, to give a 
means of measuring the deflection. According to one arrangement of 
the instrument, the magnet M, carried in a horizontal position by 
the brass rod above the needles, is used to give a return couple, 
and to control the zero conveniently can be turned in azimuth by 
means of the tangent-screw t. The instrument is fitted with three 
terminals T, T l5 T 2 , so that it can be used as described below as a 
differential galvanometer. These terminals and the connecting- wires 
are carefully insulated by vulcanite. As thus arranged we can 
easily give this instrument a sensibility so great as to give a deflection 
of one division (^-millim.) on a scale at a distance of rather more 
than a metre, with one Daniell's cell and a total resistance of 
10 11 ohms in direct circuit ; a degree of sensibility which, we think, 
could not be reached with the most sensitive astatic instruments as 
ordinarily constructed. With special adjustments of the needles, we 
can obtain still greater sensibility, but the period of oscillation of the 
needles becomes then so great as to be troublesome when results have 
to be rapidly obtained. The instrument, however, has a very high 
sensibility for most purposes to which it can be applied, with at the 
same time a period of free vibration which is not inconveniently long. 
We have found it very convenient in our experiments on the resist- 
ance of glass at different temperatures, in the course of which, though 
not arranged for very high sensibility, it has been used with a battery 
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of about 120 Daniells to measure resistances of from 10 4 to 10 5 
megohms. 

To increase the rapidity with which observations can be taken, the 
instrument can be fitted with a vane immersed in a liquid ; or placed 
in a nearly closed air-chamber of proper dimensions. 

In another form of the instrument (fig. 2), of which an example is 
being completed for Sir William Thomson for use as a "ballistic 
instrument, the four coils are arranged symmetrically in one plane, 
and a horizontal curved (slightly S or Z shaped) bar or frame of 
aluminium used to carry the vertical horseshoes. This frame passes 
through from one side to the other of the plate carrying the coils, so 
that one horseshoe enters its pair of coils from one side, and the other 
horseshoe its pair of coils from the other side. The coils are joined 
so that when a current is sent through the instrument both horseshoes 
are dragged further into their coils, or both pushed out at the same 
time. The needle system is thus turned round the suspension fibre, and 
the deflection is measured by means of a mirror and scale as before. 

This form of the instrument has the advantage of being more 
compact and more easily constructed, and of admitting of readier 
adjustment of the magnets relatively to the hollow cores of the 
bobbins. The cores are made somewhat " trumpet-shaped " where 
the needles enter. Of course as the instrument which is being made 
is to be used for ballistic experiments, the cores have not been 
formed of metal tubes as in the instrument already described. 

The chief advantage of the arrangement of coils and needles 
described above is that a great portion of the wire of the coils is 
placed very near to the poles of the needles, and in a very favourable 
position for exerting the electro-magnetic action required. The 
instrument, particularly the form shown in iig. 2, is very easily made, 
and does not cost more than an instrument of the ordinary kind. Of 
course a single horseshoe, or S or Z shaped bar, might be placed 
horizontally, and acted on by a pair of coils, and the principle thus 
applied to a single needle non-astatic instrument. In astatic instru- 
ments, however, of this form it is decidedly preferable, as shown 
below, to use vertical needles. 

It is to be observed that if the line joining the poles or centres of 
gravity of magnetic polarity in each horseshoe be vertical, the system 
is perfectly astatic for a uniform field, for each vertical horseshoe is 
itself perfectly astatic. The pair of horseshoe needles can thus be 
adjusted to have as nearly as may be perfect astaticism in a uniform 
field, and thus made to preserve a nearly constant zero when under 
directive force, a result which it is exceedingly difficult to obtain in 
the ordinary arrangement of horizontal needles, and which certainly 
rarely exists when a horizontal magnet or magnets placed above or in 
an unsymmetrical position relatively to the needles is employed to 
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regulate the sensibility, as then one of the needles must be magnetized 
and the other demagnetized to a greater or less extent, depending on 
the position of the magnet. According to this latter arrangement, 
if we suppose the needles to be parallel or nearly so, and I to be 
the magnetic field intensity at the upper needle, I' that at the lower 
needle in the same direction, m the magnetic moment of the upper 
needle, m' that of the lower needle, the current flowing, 9 the 
deflection produced, and K a constant, we have — 

o=K Im-IW ta n0. 

m-\-m 

Slight changes in m or <m! or in both may, therefore, affect the con- 
stant of the ordinary instrument very seriously, and as a matter of 
fact its constant has to be continually redetermined, and instead of 
preserving a practically constant zero, it is very sensitive to magnetic 
disturbances in the neighbourhood. 

In the case, however, of needles adjusted to be accurately vertical 
these disadvantages do not exist. The needles cannot be affected in 
the same way by directing magnets and retain their astaticism for 
uniform field, I, I' being the horizontal field intensities at the upper 
and lower extremities of the needles, the current strength, the 
deflection of the needles, and K a constant depending on the coils, 
we have approximately — 

C = K(I-r)sin0. 

The sensibility of the instrument can, therefore, be increased to 
any desired extent by placing the magnet M at a greater distance 
from the needles (or by counteracting its action by a smaller magnet 
placed nearer to the needles) so as to make I — I' sufficiently small. 
Further, variations of the strength of the horseshoe needles produce 
no effect unless they consist of changes of magnetic distribution, 
which may produce a deviation from perfect astaticism. When the 
instrument is properly adjusted and the needles are as nearly as 
possible uniformly magnetized, but little disturbance of this kind can 
be produced by the magnetizing action of the coils, since both poles of 
each have their magnetism augmented or both diminished at the same 
time in the arrangement of fig. 2, or both poles of one are magnetized 
more intensely in some degree, and both poles of the other weakened 
in the arrangement of fig. 1. 

Another possible arrangement of such a system of needles is with 
like poles turned in similar directions. The system will still be per- 
fectly astatic if properly adjusted ; and to give a return couple 
towards a zero position a mag'net may be used, placed, for example, 
horizontally in the vertical plane at right angles to the front of the 
instrument, in a line passing through the suspension thread. If this 
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magnet be placed nearer to say the lower ends than the upper ends 
of the needles, and the polarity of the end turned towards the needles 
be of the same name as that of the nearer ends of the needles, they 
will have a position of stable equilibrium when no current is flowing, 
with a horizontal line joining a pole of each needle at right angles to 
the direction of the magnet. The accurate law of variation of deflec- 
tion with current is, however, in this case more complicated, and the 
instrument in some cases might have to be graduated by experiments 
with known currents of different amounts. Any change also of the 
magnetic distribution of the controlling magnet would affect the 
indications of the instrument. 

We propose in some cases to hang the needle system in a uniform 
field, and to use a small needle rigidly connected with it, but 
placed so as not to be perceptibly affected by the coils, to give direc- 
tive force to the magnetic system. This arrangement, of course, 
would not be astatic, but would give great sensibility on account of 
the leverage of the horseshoe needles as arranged. 

Thus if m denote the magnetic moment of the small needle, H the 
horizontal component of the earth's magnetic force, Jc a constant 
depending on the coils, the strength of pole of each of the horse- 
shoes (supposed of equal strength), and d the distance of these poles 
from the suspension thread, we have, since the deflection is small, for 
the turning couple exerted by the coils 4C&0c£, and for the return 
couple mH0, and therefore — 

n m0 
4ik<fid 

Of course this arrangement is applicable whether like or unlike 
poles are turned in similar directions. It has the disadvantage that 
any change of m or <fi or of both would affect the constant of the 
instrument.^ 

The sensibility of any of these arrangements might also be increased 
by bringing out a very light arm, say from the middle of the cross 
bar connecting the horseshoes, or from any other convenient point, 
and hanging the mirror by means of a bifilar, one thread of which 

# Note added March 20, 1884. — We propose to mount this small needle in such 
a way that it can he turned round a horizontal axis at right angles to its length, and 
also round a vertical axis, so that by means of this needle alone both the sensibility 
and the zero of the instrument can be adjusted. When the galvanometer is not 
intended for ballistic experiments, the frame on which the small needle is mounted 
may conveniently be immersed in a liquid and made to act as a vane for bringing 
the needle system quickly to rest. 

It is to be observed that, in consequence of the horseshoe needles being placed in 
these instruments at a considerable distance from the axis of suspension, a very 
small value of I— I' is sufficient to give the needle system such a directive force 
as to prevent any great error due to the rigidity or the viscosity of the suspending 
fibre. 
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is attached to the outer extremity of this arm, and the other to a 
near fixed point. The distance between the fibres being small in 
comparison with the length of the arm, small deflections would be 
greatly multiplied. This device would, no doubt, render a greater 
degree of skill and delicacy of manipulation necessary in the operator 
or experimenter, but we think it or some similar plan might in some 
cases "be adopted, and the construction of these instruments renders 
its application to them very easy. 




Kg. 3 shows a form of distributing plate which we have devised 
for use with these instruments, or any other in which coils are joined 
sometimes in multiple arc and sometimes in series, or partly in both 
ways. It consists of a set of (for those instruments described in this 
paper, which have four coils) eight brass pieces a, 6, a , b , c, d, c , d , 
arranged as shown round a central piece j> and within an outer ring r, 
all carried by the vulcanite base plate of the instrument. Each of 
these brass pieces a, Z>, &c, can be connected with p or r, or with 
either of the two adjacent pieces by means of plugs. The ring r is 
divided as shown on each side of the piece s, and each of these 
divisions can be bridged across by means of a plug when necessary ; 
r, j), and s are each provided with a screw terminal, which it is useful 
to have for some applications of the plate. The connexions are as 
follows :— Suppose the coils on one side to be distinguished by the 
letters *,.£, and those on the other side by 7, a, and a current to be 
flowing through all the coils so as to produce a conspiring action in 
each. 'Now call the terminal of the coil *, by which the current 
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enters a a , and that by which it leaves a a ', the terminal by which the 
current enters p, ft, and that by which it leaves ft', and so on. Then 
the piece a and a a are in connexion, similarly a' and «/, and so on for 
all the pieces and terminals. The central piece p is connected to the 
middle terminal of the instrument, the ring r to one of the other 
terminals, and the piece s to the remaining terminal. 

The moveable or plug- connexions for joining the coils in series, or 
in any other desired way, are now evident. For series, p is connected 
by plug to a, af to b, b' to c, c' to d, and d! to r. The current thus 
enters by the middle terminal, passes round all the coils in the proper 
direction and emerges by the terminal connected with r, and vice versa 
for the reverse deflection. When the instrument is thus joined, the 
piece s is generally connected by a plug with r, so that the two side 
terminals of the galvanometer form one common electrode of the 
instrument. A spare terminal- screw is thus available for one electrode 
of a shunt-box, or for any other purpose. If it is desired to join the 
pair of coils a, fS on one side in multiple arc, and in the same way 
7 and S on the other side, and to connect these two pairs in series 
a and h are connected together and to p by plugs, then a', &', c, d 
together, and finally c' and d! together and to r or s. 

To join all the coils in multiple arc a, b, c, d are joined to p by 
plugs, and similarly a', b f , c', d' to r or s. 

If it is desired to use the instrument as a differential galvanometer 
a may be joined to r, of to b, and V to p : again s joined to d f (the 
divisions between s and r being unplugged), d to c', and c to p. A 
current then may be supposed to pass from one side terminal through 
the coils #, /3, tending to turn the needle system in one direction, and 
at the same time a current from the other side terminal of the instru- 
ment through the coils S, 7, tending to turn the needle system in the 
opposite direction, the two currents meeting in the middle terminal. 

This distributing plate can be joined so as to effect any other 
desired arrangement ; and the same general plan of plate is applicable 
to any galvanometer with multiple coils, or with coils wound in 
sections. 

Lastly, we desire to propose one or two modifications of the instru- 
ments described above. Instead of a set of four coils with hollow 
cores and horseshoe needles as described, eight coils might be used- 
one set of four arranged in rectangular order in a vertical plane 
facing a second set of four similar coils in a parallel plane at a small 
distance from the first. Two straight needles of thin steel wire con- 
nected together as rigidly as possible by very light bars of aluminium,, 
are so chosen as to length and so arranged that they hang from a 
single silk fibre with their lengths vertical and a magnetic pole as 
nearly as may be in the line joining the centres of each mutually 
opposite pair of coils. A magnet giving a differential field at the 
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needles, if tlieir like poles are turned in dissimilar directions, or any 
other arrangement may be used, and a current is sent through the 
coils in any desired way by means of a distributing plate or other- 
wise. 

We think that for cable-testing instruments of high resistance, or 
for ballistic instruments, an instrument of this form, or of the follow- 
ing still simpler form, might be found advantageous. 

Astatic galvanometers of Sir William Thomson's pattern are 
usually made with two coils, one above the other, split into four by a 
narrow vertical space in which the needle system is suspended, and 
which admits of the ready removal of the needles for adjustment. 
We propose to hang in this space, in a plane nearly parallel (when no 
current is flowing) to the two coils, two thin magnetic needles of steel 
wire side by side, kept with their lengths accurately vertical, and at a 
short distance apart (say £ or § of an inch) by light aluminium, or 
other non-magnetic bars. Such a system of needles with unlike poles 
turned in similar directions would plainly experience a similar electro- 
magnetic action to that exerted by the coils on the needles in the 
ordinary so-called astatic combination. But two straight vertical 
needles would plainly be perfectly astatic in a uniform magnetic field ; 
and this astaticism for uniform field would not be liable to disturbance 
from any arrangement of magnets applied to give directive force to 
the system, as for example one or more magnets directing the system by 
means of a more powerful action at one end of the needle system than 
at the other as shown in Figs. 1 and 2, or magnets arranged symmetri- 
cally with respect to both ends of the needles. An instrument with 
such a system of needles ought therefore to be subject to but slight, if 
any, disturbance in ordinary circumstances of sensibility when masses 
of steel or iron are being moved about at some little distance, and 
would we think be found useful in such cases, as for example in cable 
testing rooms. 

We may, perhaps, be allowed to state in conclusion that with the 
instrument described above and shown in Fig. 1, we have been able 
to measure the resistance at temperatures of from 100° to 150° C. 
of small globular flasks (about 3 inches in diameter) of good flint 
glass of considerable thickness. Some of these flasks have been 
analysed under the superintendence of Mr. James J. Dobbie, D.Sc, 
Assistant to the Professor of Chemistry in the University of Glasgow. 
Dr. Dobbie has joined us in our experiments on the Resistance and 
Specific Inductive Capacity of Glass and Allied Substances ; and we 
have in preparation a joint paper embodying the results of our 
preliminary experiments, which we hope soon to present to the Royal 
.Society. 



